A stress relief groove is introduced in the R area and the stress is analyzed using a finite element method (FEM). Then the relief of the stress concentration in the vicinity of the pressure vessel is measured based on these results. When designing a stress relief groove, the lever must overhang the groove (L > 0). By introducing a stress relief groove to the R area, maximum stress on the lever guide can be reduced by 10%. This enables the reduction of the maximum stress (Mises stress) to be less than the fatigue strength. Furthermore, the location where maximum stress occurs on the lever guide changes in accordance with the clearance between the lever and lever guide. This identified the need to take into account the deviation factor such as design clearance in modeling process.
Introduction
From the late 1980s, in preparation for the utilization of high-pressure processing in the Japanese domestic food industry, high-pressure processing was first utilized in the commercialization of jam and fruit juice drinks. Today, high-pressure food has become an increasingly familiar product as a result of the commercialization of highlyfunctional foods such as cooked rice in aseptic packaging and pressure-steamed brown rice. Research is currently being conducted with regards to the use of high-pressure treatment as a food-processing method, with the aim of improving the productivity and quality, as well as adding a hypoallergenic quality [1] .
Experiments have proven that there are various benefits at pressures higher than 100 MPa (called ultra-high pressure in many cases); however, the cost of ultra-high pressure processing equipment is high and its production is small. Moreover, because operating the ultra-high pressure processing equipment requires specialized knowledge or skills, such small-scale equipment for everyday use is not yet widely available. In addition, the development of new equipment requires advanced technical capabilities and a definitive plan, and there are many other complications such as securing an appropriate sales channel as well as obtaining financial investment for high developmental and manufacturing costs.
With the conventional seal mechanism for ultra-high pressure equipment, a push-type structure for the cover, similar to that for a press, was used [1] . When this method is used, the structure of the vessel and lid is simple, and the structure is easily able to withstand ultra-high pressure. However, the cost of a press mechanism is high and its installation increases the overall size of the equipment. In order to reduce the cost and size, the seal method shown in Figures 1 and 2 was proposed. This consists of a cylindrical vessel with a cover at each end fitted with a gasket to maintain the pressure and the cover is closed by a lever, which ensures that a firm seal is established. In the upper part of the vessel, the lever is inserted into the lever guide that has been processed using a wire cut (EDM).
Using this structure, a concentration of stress [2] occurs in the vicinity of the area R because of the contact between the lever and lever guide. The stress concentrations at the R area of the lever guide will easily become the origin of fracture. Therefore, it is vital to implement a design that eases the stress in the vicinity of the R area.
In this study, a stress relief groove [3] is introduced in the R area, as shown in Figure 3 . The stress is subsequently analyzed using a finite element method (FEM) [4] . Then the relief of the stress concentration in the vicinity of the pressure vessel is measured based on these results. r (lever contact area) are shown in Table 2 . 
Examination of the Optimal Groove Shape Using 2-D Analysis
In order to select an optimal shape for the stress relief groove, a simplified 2-D model of the pressure vessel was created and analysis was carried out using this model.
The commonly used FEM program MARC/MENTAT was used in this analysis. We analyzed the data using 2-D elasticity, and three contact point stress elements were used. Figures 4-6 show the boundary parameters and FEM model used in this analysis. The FEM model was cut in half longitudinally to obtain a cross-section and four models were created. One was a conventional shape without a groove, and the other three had semicircular grooves of radii 1, 2 and 3 mm, respectively. The friction between the lever guide and lever was defined, and the Lagrange friction algorithm was used to define the friction behavior. Table 1 shows the values for the properties of the material used in the analysis model. To simulate a highpressure during the operation of the equipment, a step-shaped moving velocity, V y = 0.35 m/s, was provided to the rigid lever in the y direction. This moving velocity is an assumed value when the pressure is increased to 200 MPa. Figure 7 shows the Mises stress distribution and maximum principal stress distribution in the vicinity of the R area for the conventional model without a groove and for the models with a groove of radii = 1, 2 and 3 mm. The predicted stress concentration points A (R area) and B According to the stress distribution in Figure 7 , the maximum stress that occurs on the lever guide decreases a model having a stress relief groove as compared with the one without the groove. The degree of reduction of maximum stresses becomes higher according to the increase of the groove radius from 1 to 3 mm. Table 2 shows that the Mises stress at points A and B and the maximum principal stress at point A th a 3 mm groove radius. The maximum stress becomes 60% less than that of the model without a groove. The maximum principle stress at point B in the models with 2 mm and 3 mm groove radii are approximately 90% less than that of the conventional model and/or the model with a 1 mm groove radius. The results indicate that the location of the lever contact edges have a significant effect on the stress on the inner surface of the lever guide. Table 3 shows the result of maximum stresses at the root of grooves in the cases of eclipse shape. Interestgly, stresses show their lowest values in the cases of t = b, which means the groove shape is half circle. The reason is not clear. Probably the changes in contacting area between the lever guides and the lever can affect the stress concentration conditions.
2-D Analysis Results

Mises Stress and Maximum Principal Stress Distribution
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To examine the relation between the overhang ra e stress distribution, w tances from the lever edge to the lever contact edge (overhang) L of 4, 2, 0 and −2 mm, and analyzed the stress data. The results of the analyses for the Mises stress and maximum stress distribution are shown in Figure 8 . The results show that there is no significant change in the magnitude of stress at both point A and point B for the models with L = 0, 2 and 4 mm, but for the model with L = −2 mm, there is concentrated compressive stress. We believe that when the overhang is L < 0, the stress is concentrated at the contact edge, and thus the concentrated compressive stress is seen only in the model with L = −2 mm. Copyright © 2012 SciRes. OJSST Therefore, when selecting the profile of the stress relief groove, the overhang L has to be greater than 0 in order to reduce the compressive stress on the inner surface of the lever guide, and thus we chose a stress relief groove with radius r = 3 mm (L = 0).
3-D Analysis
We performed 3-D analysis to measure the stress at the six locations where stress concentration is predicted during the pressurization of the pressure vessel as shown in Figure 9 : points F, H, E, and C on the inner side of the lever guide; and points G and D on the outer side of the lever gu oove and Model 2 with a 3-mm s selected based on 2-D analysis each lever guide, which means that the lever was inserted into the center of the lever guide space.
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3-D Analysis Method and Model
Stress analysis was performed for Case 1 and Case 2 below, as shown in Figures 10 and 11 , respectively. 1) Case 1 Model 1 without a gr radius groove, which wa were compared. The stress concentration relief obtained by using the stress relief groove was investigated. The maximum tolerance for the machining dimensions between the lever and lever guide was 0.6 mm. In Case 1, a fit tolerance of 0.3 mm was set for the inner side and outer side of 2) Case 2 In Case 2, stress analysis was performed on the R area when, using the dimensional tolerance of the lever, the lev ontact with the surface of the outer sid er made c e lever guide with a clearance of 0.6 mm from surface of the inner side (model 3) and when the lever made contact with the surface of the inner side of the lever guide with a clearance of 0.6 mm from the surface of the outer side (model 4). Model 3 and model 4 are shown in Figure 11 .
The dimensions of the 3-D model are shown in Figure  9 . The analysis was performed using 3-D elasticity, and four contact point stress elements were used, as shown in When the vessel is pressurized, the lever is subjected to a bending moment and because the R area for point E and point H acts as a fulcrum for a lever-bending deformation, it is evident from Figure 13 and Table 4 that the stress is greater at points E and H than at points C, D, F, and G. If model 1 and model 2 are compared, the stress on the R area is reduced by approximately 10% by introducing a groove with a 3-mm radius to the R area at points ial is 700 MPa [5] , and therefore the durability can be ex-
Case 2: Relation between Clearance and
Maximum Stress Th es stres and th stress distribut is sim ure 13. The s s , are s wn in T 5. In model 3 when the lever makes contact with the surface of the inner side o e, the s is grea at poin , H, E, C on th rface o ner side and is poi G, D on the surface lever guide changes in accordance with the clearance between the lever and lever guide. This identified the need to take into account the deviation factor such as design clearance in modeling process.
